
TECHNICAL NOTE

D- 1362

WIND-TUNNEL INVESTIGATION OF TAIL BUFFET AT SUBSONIC

AND TRANSONIC SPEEDS EMPLOYING A DYNAMIC

ELASTIC AIRCRAFT MODEL

By Robert N. Rigby and Elden S. Cornette

Langley Research Center

Langley Station, Hampton, Va.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

WASHINGTON September 1962

_l-

Y

_J





IF

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL NOTE D-1362

L

i

8
8

3

WIND-TUNNEL INVESTIGATION OF TAIL BUFFET AT SUBSONIC

AND TRANSONIC SPEEDS EMPLOYING A DYNAMIC

ELASTIC AIRCRAFT MODEL

By Robert N. Rigby and Elden S. Cornette

SUMMARY

Buffet tests were conducted with a complete model of a current

supersonic attack aircraft at subsonic and transonic Mach numbers. The

lifting surfaces and the aft-fuselage structure of the model were dynam-

ically and elastically scaled. In addition to the basic configuration,

the model was tested with wing frequencies reduced by adding wing-tip

weights, with wing removed, and with two deflection angles of the hori-

zontal tail. Root-mean-square bending-moment fluctuations were measured

near the root of the wing, of the horizontal tail_ and of the vertical

tail. In addition, velocity fluctuations in the flow near the horizontal-

tail location were measured by hot-wire probes which replaced the hori-

zontal tail.

The flow fluctuations of the wing wake were at the horizontal-tail

location only for negative angles of attack of the model. At positive

angles_ the flow fluctuations caused vertical-tail buffeting but not

horizontal-tail buffeting. The intensity of the flow fluctuations was

reduced by the addition of wing-tip weights; the vertical-tail response

was also reduced. The flow fluctuations varied in intensity with posi-

tion but did not exhibit any predominant frequency.

INTRODUCTION

Wing buffet has been studied in several experimental investiga-

tions, and some success has been achieved in predicting flight wing

buffet loads from tunnel tests on simplified models. (See ref. i.)

However, only a limited amount of experimental data on tail buffet is

available. Some of these data (ref. 2) indicate that tail buffet may

be the response of the tail surfaces to three possible inputs: the

separation of the flow over the tail surface, fluctuations in the flow

impinging upon the tail surface (for example, fluctuations in the wing

wake), and motion of other lifting surfaces transmitted through the

fuselage structure.
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In the present investigation, a complete model of a current super-
sonic attack aircraft was used to study these inputs to tail buffet.
The model lifting surfaces and aft fuselage were dynamically and elas-
tically scaled. The model was tested at subsonic and transonic Mach
numbersover a range of stagnation pressures from 0.37 atmosphere to
0.74 atmosphere and over an angle-of-attack range. Root-mean-square
bendlng-momentfluctuations near the root of the lifting surfaces were
measured for the basic model configuration and for model configurations
with wing frequencies reduced by adding wing-tip weights, with wings
removed, and with the deflection angle of the horizontal tail varied.
Also_ the velocity fluctuations in the wing wake were measuredwith
hot-wire probes (which replaced the horizontal tail).
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E" mean aerodynamic chord, ft

Lift
CL lift coefficient,

qS

g

h

m

M

Pt

q

S

V

Y

structural damping coefficient

normalized deflection at points on elastic axis of lifting

surfaces

mass per unit length of exposed panel of lifting surface (along

elastic axis), slug/ft

free-streamMach number

free-stream total pressure, atm

pV 2

free-stream dynamic pressure, -_--, Ib/sq ft

wing planform area, sq ft

free-stream velocity, ft/sec

nondimensional spanwise distance measured from fuselage center

line, fraction of semispan

angle of attack, deg
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angle of horizontal tail relative to fuselage reference line_

deg

nondimensional distance measured along elastic axis of lifting

surface from fuselage center line, fraction of elastic axis

length

P free-stream density, slugs/cu ft

_B root-mean-square value of the bending-moment fluctuations

(standard deviation from mean), in-lb

_F root-mean-square value of the velocity fluctuations (standard

deviation from mean), ft/sec

Subscripts:

W wing

H horizontal tail

V vertical tail

TUNNEL

The investigation was conducted in the Langley 8-foot transonic

pressure tunnel. This tunnel has a rectangular test section with the

upper and lower walls slotted longitudinally to allow continuous opera-

tion through the transonic speed range with negligible effects of

choking and blockage. The free-stream stagnation pressure can be

varied from i/4 to 2 atmospheres.

The local Mach number distribution throughout the test-section

region occupied by the model was reasonably uniform with a maximum

deviation from the average free-stream Math number of 0.003 at the

highest Mach number tested. Changes in free-stream stagnation pressure

have essentially no effect on the Mach number distribution.

M0 DE L

General Description

A complete model of a current supersonic attack aircraft was used

in this investigation. A three-view drawing of the model is presented



in figure I along with the geometrical characteristics of the lifting
surfaces. The model had a wide fuselage_ shoulder-mounted sweptback
wing, sweptback vertical tail_ and sweptback all-movable horizontal
tail. The model was geometrically similar to the full-scale aircraft
with two exceptions: the engine air inlets were faired closed, and
external aluminum doublers were added to the root sections of the wing
and horizontal tail. One-eighth-inch-wide boundary-layer transition
strips of number 60 carborundumgrains were placed at the lO-percent
chord of the lifting surfaces and at fuselage stations located at
I0 percent of the length measured from the nose. The lifting surfaces
and the aft-fuselage structure were dynamically and elastically scaled
to those of the full-scale aircraft.

Construction

The model fuselage consisted of a rigid forward section and a
flexible aft section. (See fig. 2.) The forward-fuselage section con-
tained a six-component balance and the attachment structure for the wing.
The aft-fuselage section was an aluminum-alloy tube cantilevered from
the forward-fuselage section and had a built-up structure to support
the horizontal and vertical tails. The aerodynamic shape of the fuse-
lage was provided by a relatively thin plastic shell attached to each
fuselage section. The fuselage was attached to the tunnel support
system by passing the tunnel sting through the aft-fuselage tube to the
six-component balance. Adequate clearance between the aft-fuselage tube
and the tunnel sting was allowed.

The wings were constructed around a single aluminum-alloy spar
bonded to a magnesiumroot rib. (See fig. 2.) Foamedplastic at the
leading and trailing edge of the spar provided the airfoil shape. A
thin aluminum skin was bonded to the spar and the foamedplastic to
provide strength and stiffness. Thin aluminum-alloy doublers were
added externally to the wing root region on the upper and lower surfaces
for additional strength. These external doublers increased the thick-
ness by as muchas 0.i0 inch and increased the maximumthickness at the
wing root region from 5.0- to 5.7-percent chord. L_ad weights were
imbeddedin the foamedplastic to provide the required mass distribution.
Each wing was mountedto the forward-fuselage section with two pin joints.
The two wings were joined by a stainless-steel splice plate which was
attached to the wing root ribs. For sometests, strips of O.08-inch-
thick lead tape were fastened externally to the upper and lower surfaces
of the wing tips to reduce the wing frequencies.

The vertical- and horizontal-tail surfaces were constructed in a
manner similar to the wing construction (fig. 2), that is, with a metal
spar and root rib_ foamed plastic filler, and a thin aluminum skin. A
stainless-steel splice plate was attached to the root rib of each tail
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surface and was cantilever-mounted from the aft-fuselage tube. The

horizontal tail had thin aluminum-alloy doublers with maximum thickness

of 0.i0 inch which increased the maximum thickness at the root region

of the horizontal tail from 5.0- to 5.9-percent chord.
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Physical Propertie s

The natural vibration frequencies of the model mounted on the tunnel

sting support system were determined by exciting the model with an e!ec-

trodynamic shaker. The resulting natural frequenciesare presented in

table I_ and a sketch of the corresponding node lines on the lifting

surfaces is presented in figure 3. No vibration mode consisting primarily

of aft-fuselage motion could be excited. The lead weights added to the

wing tips reduced the first symmetrical wing-bending frequencies by

18 percent and also reduced the other measured wing frequencies but had

essentially no effect upon the measured frequencies of the tail surfaces.

The structural damping coefficient g was obtained for some vibra-

tion modes by suddenly removing the excitation and measuring the decay

rate of the motion. Decay rates were measured for several initial

amplitudes, and an average value of g was obtained. (See table I.)

The bending mode shapes (fig. 4) for the basic wing and the hori-

zontal tail were determined by the "i g method" described in reference

and by an optical method. The mode shapes for the weightedwing and

the vertical tail were not measured.

The mass distribution properties of the exposed panel of the

lifting surfaces (fig. 5) were calculated from the distribution of the

construction materials. These calculations do not include the wing-

tip weights which were 0.00171 slug and 0.00164 slug for the right and

left wing_ respectively. Although the tip weights differed between

the wings_ the resulting frequencies were essentially the same.

The torsional stiffness GJ of the aft-fuselage tube varied

linearly with position from 8.34 x 106 Ib-in. 2 at the forward end to

4.56 x 106 ib-in. 2 at the rearward end. The bending stiffness E1 of

the aft-fuselage tube varied similarly from 2.40 x 106 ib-in. 2 to

1.58 x 106 Ib-in. 2.

Instrumentation

A conventional internally mounted six-component strain-gage balance

measured the static aerodynamic forces and moments acting upon the model.

The angle of attack was measured by an electrical strain-gage pendulum-

type inclinometer mounted in the forward-fuselage section. A static

orifice at the rearward end of the model measured the model base pressure.



Strain gages were mountednear the root of the lifting surfaces to
measure the bending-momentfluctuations and the location and orienta-
tion of the effective bending-momentaxes are presented in figure 6.

With the horizontal tail removed_two hot-wire probes were mounted
from the aft-fuselage tube (fig. 7) to measurethe flow fluctuations at
the location of the left horizontal tail. The hot-wire probes had single
hot wires oriented along the spanwise direction which were sensitive
primarily to the velocity fluctuations in the chordwise direction. The
hot wires were O.OOOS-inch-diameterplatinum wire and had a length of
0.125 inch. The position of the hot-wire probes is shownin figure 8.
Onehot-wire probe was fixed near the aft fuselage. The other hot-wire
probe was located at three vertical chordwise positions (at the axis of
rotation of the horizontal tail, 3.92 inches forward of the axis of
rotation, and 3.92 inches forward and 0.41 inch above the axis of rota-
tion) and at four spanwise positions for each vertical-chordwise posi-
tion (0.58, 0.72, 0.86, and 1.00 fraction of horizontal-tail semispan).

The steady-state part of each strain gage or hot-wire signal was
eliminated electrically. The remaining fluctuating signals were recorded
on magnetic tape with a 45-second data sample length. The mean-square
values of selected signals were visually recorded during testing from
a thermocouple meter. A low-frequency oscillator and a root-mean-square
voltmeter were used to supply a known calibration signal.
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TESTS

The tunnel tests were divided into three series. In the first

and second series, only bending-moment fluctuations near the root of

the lifting surfaces were measured. In the third series_ velocity

fluctuations at the location of the horizontal tail were also measured.

The model configurations and the angle-of-attack range for each test

series are presented in table II; the Mach number and tunnel stagnation

pressure range for each test series are presented in figure 9. For all

tests_ automatic tunnel air temperature controls maintained a uniform

stagnation temperature of approximately 120 ° F. The dewpoint of the

tunnel air was maintained near 0 ° F.

REDUCTION OF DATA

The data from the bending gages and the hot-wire probes were

reduced from magnetic tape records to the form of root-mean-square

values of bending-moment and velocity fluctuations and to the form of

power-spectral-density plots. The root-mean-square values were obtained
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from an average of the output of the mean-square vacuum-tube voltmeters

over the 45-second data sample length. The output of these voltmeters

oscillated within a range of ±lO percent of the average value for most

of the data points. The power-spectral-density plots were obtained for

some data points through the use of analog equipment described in ref-

erence 4. Thirty-second samples from the 45-second data records were

analyzed. The effective band width of the scanning band-pass filter

used in the analog equipment was approximately 8 cycles per second for

the bending gage signals and approximately 6 cycles per second for the

hot-wire probe signals.

RESULTS AND DISCUSSION

General Discussion

The lift characteristics of the basic model with 5H = 0o and

5H = -6° are presented in figure lO. The buffet characteristics are

presented in figures ll to 24. The intensity of the fluctuation in

the bending moment at the root of the wing, of the vertical tail, and

of the horizontal tail as well as the intensity of the velocity fluc-

tuations at the horizontal-tail location are indicated by the root-

mean-square values _B and _F" These data are presented as a func-

tion of angle of attack rather than of lift coefficient in order to

facilitate comparison between model configurations with wing or hori-

zontal tail removed. The root-mean-square values contain extraneous

contributions caused by instrumentation noise, tunnel turbulence, and

sting support motion. For these tests, it is believed that the magni-

tude of the first two contributions is indicated by the root-mean-

square values at _ = 0°. A detailed view of the frequency content of

the fluctuating signals is provided by the power-spectral-density plots.

Wing Buffet

At low-to-moderate subsonic Mach numbers, the root-mean-square

bending-moment fluctuations for the wing gB,W_ generally increase

with increasing angle of attack _. (See figs. ii and 12.) Also,

the buffet characteristics of the wing at negative _ were similar

to those at positive _ for subsonic Mach numbers. (See fig. 12.)

Unusually severe wing buffeting occurred near _ = 8° for M = 0.90,

Pt = 0.599 atmosphere, and near _ = 9° for M = 0.95,

Pt = 0.371 atmosphere. (See fig. ii.) This phenomenon has occurred

previously at similar test conditions in a buffet investigation with

sweptback wings, and several possible causes have been discussed in

reference 5. The cause of the phenomenon for this investigation has
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not been determined. At Mach number 1.0, severe buffeting did not occur,

and the increase of qB_W with _ was comparatively small. This latter

result is consistent with other buffet investigations of sweptbackwings

at transonic Mach numbers. (See ref. 6.)

At the higher Mach numbers_ changes in tunnel stagnation pressure

yielded some significant variation in oB_W, but the range of Pt is

not sufficiently large to study this effect in detail.

Reducing the wing first symmetrical bending frequency approximately

18 percent by adding wing-tip weights did not significantly change the

wing buffet characteristics. (See fig. 12.) Further, wing buffet char-

acteristics were not appreciably affected by the deflection angle of

the horizontal tail nor by the replacement of the horizontal tail with

the hot-wire probes. Therefore, data for the latter two configurations

are not presented.

Typical power-spectral-density plots of the wing bending-moment

fluctuations during buffeting are presented in figure 13. As expected,

the main portion of the power was centered near the frequency corre-

sponding to the first symmetric bending modes. (See table I.) The

peak at this frequency was usually larger for the weighted wing than

for the basic wing# although the _B,W values were approximately the

same. (See fig. 12(b).) A much smaller amount of power was noticeable

near the first antisymmetric wing-bending frequencies. Also, a small

amount of power was centered at approximately 40 cycles per second,

which corresponds to a rigid-bodypitching mode.
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Flow Characteristics at Horizontal-Tail Location

The flow characteristics near the horizontal-tail location at the

lower subsonic Mach numbers were measured with hot-wire probes (the

horizontal tail being removed) which were sensitive to velocity fluc-

tuations primarily in the chordwise direction. The root-mean-square

values of the velocity fluctuations oF are presented in figure 14 as

a function of _. The oF values were essentially constant for posi-

tive _; however, for _ less than approximately -5°, the oF values

increased appreciably with decreasing _. These results indicate that

the flow fluctuations in the wake of the wing were in the vicinity of

the horizontal tail only at negative _, and that at positive _ the

wing-wake flow fluctuations probably passed above the vicinity of the
horizontal tail.

Addition of the external wing-tip weights generally reduced the

oF values at negative angles of attack of the model. (See fig. 14.)
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Similar results were obtained from measurements of the bending-moment

fluctuations of the vertical tail. It is unlikely that the aerodynamic

interference of the wing-tip weights caused the reduction of the _F

values, since the presence of the external additions on the wing would

be expected to increase the intensity of the flow fluctuations. It

appears, rather, that the wing-tip weights altered the motion of the

wing and that this alteration reduced the wing-wake flow fluctuations.

The _F values obtained with the wings removed were approximately the

same as corresponding values with the wing on at positive angle of

attack of the model. The wing-off data are, therefore, not presented.

The qF values varied considerably with the position of the hot-

wire probe as is shown in figure 15 which is a crossplot of the data

in figure 14. In the spanwise direction, the aF values varied from

the smallest values near the fuselage to larger values near the tip of

the horizontal tail, the largest _F values usually being near 0.84 span.

The limited number of tests do not permit an examination of the varia-

tion of gF in the chordwise and vertical directions except to state

that such changes in probe location lead to appreciable changes in _F"

(See figs. 14 and 15.)

Power-spectral-density plots of the velocity fluctuations in the

wake of the wing are presented in figure 16. The main portion of the

power was confined to the lower frequencies. For M = 0.33 and M = 0.56

(figs. 16(a) and 16(b))_ the power spectral density decreased with

increasing frequency with no predominant peaks (excluding electrical

noise at 60 cps and 120 cps). For M = 0.74, a broad peak occurred

near 250 cycles per second (fig. 16(c)) with a gradual decrease in

power with increasing frequency above 250 cycles per second. The shape

of the power-spectral-denslty plots for the wakes of the basic wing

and the wing with added mass were similar although the power level was

usually larger for the basic wing. Thus, the addition of mass to the

wing affected the wing-wake flow fluctuations only in overall intensity

and not in the frequency content.

Horizontal-Tail Buffet

The effect of model angle of attack on the root-mean-square bending-

moment fluctuations for the horizontal tail _B,H for 5H = -6° are

presented in figure 17. For all Mach numbers below 1.0, _B,H is shown

to increase with increasing _ above approximately 9° or i0 °. Values

of horizontal-tail response for the horizontal tail at 5H = 0 ° and

5H = -6° are compared with corresponding values of the wing response

in figure 18. This figure includes wing buffet data only for 5H = 0°

since the wing response has previously been indicated to be essentially

independent of 5H. For positive angles of attack of the model, the
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bending-momentresponse of the wing (fig. 18) rises at lower _ than
the corresponding values for the horizontal tail. These results indi-
cate that, for positive _, buffeting of the horizontal tail was not
caused by the wing-wake flow fluctuations but rather was caused by
separation of the flow over the horizontal tail. This conclusion is
substantiated by the results of the measurementsof the velocity
fluctuations in the flow near the location of the horizontal tail
(fig. 14) for positive angles of attack of the model. These flow meas-
urements indicated no flow disturbances in the vicinity of the hori-
zontal tail at positive angles of attack of the model. At negative
angles of attack, the limited amount of data showsthat the horizontal-
tail response (fig. 18) increases at approximately the same _ at which
the wing response increases. This result indicates that the wing-wake
flow fluctuations may have affected the horizontal-tail buffeting at
negative m. This premise is again supported by the measurementsof
the flow fluctuations. (See fig. 14.)

Since the wing-wake flow fluctuations were not near the location
of the horizontal tail at positive angles of attack of the model, the
addition of massto the wing did not significantly affect the horizontal-
tail response for positive _. (See fig. 19.)

The results of these tests differ considerably from those of ref-
erence 2 which indicated a considerable effect of the wing wake on
horizontal-tail buffeting. This difference is probably due to differ-
ent tail locations. In the tests of reference 2, the horizontal tail
was above the plane of the wing, whereas, in the present tests, the
horizontal tail was below the wing plane.

The power spectral density of the horizontal-tail response (fig. 20)
indicates that the largest amount of power was centered near 200 cycles
per second corresponding to the first symmetric bending modeof the hori-
zontal tail. A significant amount of power appeared near 275 cycles
per second, corresponding to the first antisymmetric bending modeof
the horizontal tail. A small amount of power was usually centered near
140 cycles per second corresponding to a rigid-bodypitch-translational
mode. (See table I.) The lack of appreciable power at 80 cycles per
second to lO0 cycles per second indicates that the motion of the wing
and vertical tail were not noticeably transmitted through the fuselage
structure to the horizontal tail.
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Vertical-Tail Buffet

At the lower Mach numbers, the root-mean-square bending-moment

fluctuations of the vertical tail _B,V increased with increasing

angle of attack (fig. 21) in a manner similar to that of the wing

buffet characteristics. (See fig. ii.) However, with the wing removed,
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the _B,V values remained small and essentially independent of _.

(See fig. 22.) Since structural coupling between the wing and vertical

tail was minimized by the model construction, these results indicate

that the main contribution to vertical-tail buffeting was from flow

fluctuations in the wake of the wing. Adding mass to the wing reduced

the _B,V values as shown in figure 22.

The effect of the horizontal tail on vertical-tail buffeting is

indicated in figure 23 which compares the vertical-tail qB,V values

for three horizontal-tail configurations. The oB,V values varied

significantly between these three model configurations. It appears

that the deflection angle of the horizontal tail affects the position

of the wing wake and hence affects the flow fluctuations in the vicinity

of the vertical tail.

The power spectral density of the vertical-tail response (fig. 24)

shows the largest amount of power at approximately 88 cycles per second,

corresponding to the first bending mode of the vertical tail. (See

table I.) Another peak usually occurred at approximately 107 cycles

per second. The only measured model frequency near this peak was the

first antisymmetric bending of the basic wing. However, since the fre-

quency of this peak remained the same for the configuration with wing

frequencies reduced, this peak does not appear to correspond to a wing

bending mode. Rather, this peak is thought to indicate response in a

rigid-body yaw mode not discovered during the model vibration tests.

The vertical-tail response did not show appreciable power at frequencies

corresponding to the first bending modes of the horizontal tail but did

contain small amounts of power at 140 cycles per second corresponding

to rigid-bodypitch-translation mode.

CONCLUSIONS

Buffet tests with a complete aircraft model have been conducted

in the Langley 8-foot transonic pressure tunnel. The results of these

tests indicate the following conclusions:

i. With the horizontal tails removed, wing-wake flow fluctuations

were in the vicinity of the horizontal tail only at negative angles of

attack of the model_ at positive angles, the wing wake appeared to pass

above the horizontal-tail location. Therefore, horizontal-tail buffeting

at positive angles of attack was not caused by the wing wake but was

primarily due to separation of the flow over the horizontal tail.
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2. The intensity of the velocity fluctuations in the flow near
the horizontal-tail location varied considerably with position and
was generally reduced by addition of weights to the wing tip.

5. Vertical-tail buffeting appeared to be caused by the wing wake.
Addition of weights to the wing tip reduced the vertical-tail response.

4. The velocity fluctuations in the wake of the wing did not
exhibit any predominant frequency corresponding to wing vibration modes.

Langley Research Center,
National Aeronautics and SpaceAdministration,

Langley Station, Hampton, Va., April lO, 1962.
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TABLE I.- VIBRATION FREQUENCIES AND STRUCTURAL DAMPING COEFFICIENTS
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Vibration mode

Basic wing:

First symmetric bending ...........

First antisymmetric bending .........

Second symmetric bending ..........

First symmetric torsion ...........

Weighted wing:

First symmetric bending ...........

First antisymmetric bending .........

Second symmetric bending ..........

First symmetric torsion ..........

Horizontal tail:

First symmetric bending ...........

First antisymmetric bending .........

Second symmetric bending ..........

First symmetric torsion ...........

Vertical tail:

First bending ................

Second bending ...............

First torsion ................

Rigid body:

First coupled pitch-vertical

translation ...............

Second coupled pitch-vertical

translation ................

Roll ....................

Pitch ....................

Third coupled pitch-vertical

translation ................

Frequency, cps g

78.8 0.014

97.0 0.014

221.6 O.O23

355.8 0.007

64.4

83.7

201.0

321.7

196.9

270.6

565.9

454.2

79.0

35O .5

435.5

7.2

29.3

35.8

38.0

146.6

0.023

0.024

0.022

0.026
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TABLE II.- DESCRIPTION OF MODEL CONFIGURATIONS FOR EACH TEST SERIES
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Test series

I

II

III

Confi gurati on

Wing

Basic

Basic,

weighted,

removed

Basic,

weighted,
removed

Horizontal tail

Basic

Basic

Replaced

by
hot wires

Angle of attack

of model,

deg

O to 18 or

to wing load

limit

-9 to 15

-9 to 15

Angle of deflection

of horizontal tailj

deg

-6

O
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(a) Basic wing,

symmetric modes.

(b) Weighted wing,

symmetric mode s.

(c) Horizontal tail, (d) Vertical tail.

symmetric modes.

Figure 3.- Node lines on lifting surfaces for model mounted on sting

support system. All frequencies are in cycles per second.



18

h H

1.0

.8

.6

.4

.2

""_o

1.0

0 1st
02d
<>Ist

.8

.6i

.2

2d symmetric, 221.6 cps
01st antlsymmetric, 97-0 cpa

-.2

.I .2 •3 .5

qw

(a) Basic wing.

symmetric, 196. 9 cps
symmetric, 565.9 cps
antlsymmetric, 270.6 cps

/"

/
//

J

\
\

._ .5 .6

/
/

.7

i ,

/

/
/

/

/

J:

2-'

/
/

#
/'/
VI

7
I

/

.9

#

/
/
/

#
/

I
1.O

.I .2 .3 .7 .8 .9 1.o

I

(b) Horizontal tail.

Figure 4.- Nondimensionalized bending-mode shapes for basic wing and

horizontal tail.



19

I

mb_,

slug/ft

mH ,

slug/ft

mV,

slug/ft

6,

5

2

i

0 .i

!

0 .i

i
I

i

i

I

.?

F-
.2

!

I

J

I
I

I
.3

i
I

i

I

I

!
!
!

-},

i

!

I
.b .7

(a) Basic wing.

i

i
.3

J

...... i ......

L

• _ .5 ._ .7

_H

(b) Horizontal tail.

--._ .9 l .o

t
L__

•S .9 I .o

__I I

iJ---
.ji_-

o .l .? .3 .h •5 .6 .7 .8 .9 1.o

_v

(c) Vertical tail.

Figure 5.- Mass distribution of exposed panel of lifting surfaces.



2O

\

I ,

--i i

i
j J

•,< _!

" _ t:¸

,!

J

j /

I'

: i

I !
i !i i

i_ _._ _-'_

i

I

i
i

_'/iii.......

ii z

! .

//

s j

,/

/

_3

r--t

4-_

v

(1)

taO

.r-i
_3

-o

o

(1)

b.O

°_1

or-t ,_

4-_ u

4-_ ¢,I

0
0

.r-.l

0 0
I_ .,-I

_3
°_

o

o
.r4

c.)
o

I

',,D

o3

I

k.N



22

Aft fuselage shell-_...._

Vertical tall _

C

Stationary hot-wire orooe7

"'-:_ _
__r

Spanwise positions

of moveable prob_ "

I • \

Chordwi se positions

of moveable probe

i

I
21

6.61

2.08

' 2.08

I
2llO

\

\

x
_Y _ _ _

Outline of

horizontal ta?l

_-2.72-_

t_
!

_er tical positlons

_ probe

0.95 0.54 0.23 _ __

Axis of rotation
Stationary probe of horizontal tail

Figure 8.- Positions of hot-wlre probes. Outline of horizontal tail

included although horizontal tail removed for hot-wire tests. All
linear dimensions are in inches.



21

co
co

!

o
-_r-I

0

0

o_
o

I1)

o
._'_

©

4.J

or-.t

n.)

q-4
0

t_O
o

o

!

11)



23

cO
cx3

i

0

I

)-I
I--4 i-4

i.-11=41-4

_ m m

I=l I.i I_
Ii I) 4)

c_ r_ r_

onO

e

o

0

0

0

0

0

0

E
4=)

4'

C_

v

0

0

o

e

0

.i-I

h
0

0
.el

t_O

4-)

I1)

4-_

%
tl)

!



24

I r rq /I

_ ] _ i / T T

o

F T 7_"d

i,!i

o
kD

I

II

g_

v

"2".

Q)

4._

*H

.r-t

v

0
,r'-I

,,a

,-t

i1)

-o

o

m
o
°r-t
4-_
t/1

%
O

O
_3

t
O

4_

°r--I

!

o

.r-t

I



25

oO
cO
,-q

I

I.L

c L

-lo

f
o'

f

-8

/

//
/

/"
/

f

/

./
=O, 6

Pt

/
/

/ _ : 0,TL

/
I /

/
/

/z

./

i
I

ff

/ _

/

/

f
i

/ /
./; j

/

/
/

/

6 8 1o 12 z_

/

/
s"

/

i
i
I
I

16 I_ 2o

(b) _=o °.

Figure lO.- Concluded.



26

3o

OrB,W , in-lb 20

lO ,:

M = o.74
o

5O

ho

3o

_B,w , In-lb

20

i0

3O

2O

O-B,W , In-lb

i0

30

2O

_,W ' In-lb

io

o_

Figure Ii.-

PiP stem

- 0._3

/
__._ _-7_ _'_ --0.569 /

Pt* ebm

o.371

_ 0.690

f_ 0.569

f_

E/

N : 0.66

}

M : 0.56

to.690

/

° (D ---_ k__

M : o.95

---- o.371
r3

x.._.

.... o. 5o7

/ /
/J

M : 0.90

/ 0.569

_ o.6&3

M : 0.33 _/ / '\- O.Tb_ M : 0.83

o h 8 12 z6 2o -h o h 8 12 z6 2o

a, deg a, deg

Root-mean-square values of wing bending-moment fluctuations.

Basic wing; 8H = -6° .

!

Co
Co



2?

!

2o

O-B,W , in-lb I0

5O

20--

_, W '
In-lb

i0

a, deg

-8 -_ 8 12

(a) M = 0.33; Pt = 0.744 atmosphere.

L f

]

-u--J

16

3
DI_C

2O

-8 -_ o 4 8
ap deg

12 16 2O

(b) M = 0.56; Pt = 0.690 atmosphere.

30

20

O-B,w , In-lb

I0

O Basic wing

[] Weighted wing _

F--f_

-8 -& o 4 8 12

a, deg

16 20

(c) M = 0.74; Pt = 0.643 atmosphere.

Figure 12.- Effect of wing mass on root-mean-square values of wing

bending-moment fluctutatlons. 8H = 0°.



28

P_

2o

18

,_ ].2

.o

lo

0

i

i
I

i

i

I

I
8

2

0

I
I

i I

i

I

i

I I

t
i

• \
\ \

120 160

I

Basic wing; a = 174.2° I

Welghtea-i_i _ = lh.1°I
!

!

i

r
; I

!

i
I

i i

I I
I

I

i I

L{;s_ than 0,0 3 (lm-lb) /cps

r>oo 21xo _8o $20 $60 400

Frequent' y, cos

!

CO
CO

Figure 13.- Effect of wing mass on power spectral density of wing

bending-moment fluctuations. M = 0.56; Pt = 0.690 atmosphere,



29

Basic

wing

O

o

Weighted

wing

Probe location

on axis of rotation of horizontal tall

3.92 inches forward of axis of rotation

3.92 inches forward and 0.41 inches above

axis of rotation

co
co
_w
!

_F ' ft/sec

P robe at YH = 1.00

D

_F , ft/sac

[]

Q
\

\\

J_

Probe at YH = 0.84

D

o"F , ft/sec 2

k.. )

Probe at YH = 0.68

_F ' ft/sec 2

Probe at YH = 0"52

0
-8 -6 -4 -2 o 2 4 6 8 _o 12 14

a, deg

(a) M = 0.33; Pt = 0"744 atmosphere.

Figure 14.- Root-mean-square values of flow fluctuations in vicinity of

horizontal tail as function of angle of attack.



3o

_aslc We lghted
wlng wlng

0 •

[]

0

Probe location

on axis of rotation of horizontal tall

3.92 inches fo_ard of axis of rotation

3.9 2 inches forward and 0._I inches above
axls of rotation

I

CO
O3

c_F , ft/sec

crF , ft/sec

i0

(b) M = 0.56; Pt = 0.690 atmosphere.

Figure 14.- Continued.

12



31

12

Basic

wing

0

©

Weighted
wing

@

Probe location

on axis of rotation of horizontal tail

3,92 inches forward and O.41 inches above
axis of rotation

cO
CO

!

c_F , ft/sec

_F ' ft/sec

_F ' ft/sec

, ft/sec
F

0

12

8

0
-I0 -8

<

<

6 -_

(c)

_L

Probe

o o

Probe

c o

Probe

o

Probe

- C

-2 o 2 4 6 8
a, deg

M = 0.74; Pt = 0"61'3 atmosphere.

Figure 14.- Concluded.

O

l0

at YH

at YH

_t

at YH

= 1.00

= o.84

= 0.68

=0.52

12



52

aJ-7. _I°¸

• _ =:o .o",
Io _ v

.6 .8 1.o

YF

_'-7 ,h °

.6 ._ 1.0

YFt

(a) M : 0.33; Pt = 0.744 atmosphere.

! i  =189j

9-- ----_ _(==-9.o"

/ __ 1

-- -7o . y

"_ YH "_ i.o ,_, .6 YH '_ 1.0

M = 0.56; Pt = 0.690 atmosphere.

t_
!

Go
Co
k_

___I i

// i --

.6 .8 1,0
7_

1 i

_=-6.0"

/c;-
! /
j_ --_

a:o.o"

, i
.6 ,8 1,0

_H

(c) M = 0.74; Pt = 0.64_ atmosphere.

Figure 15.- Root-mean-square values of flow fluctuations in vicinity of

horizontal tail as function of spanwise location.



3F

33

!

u
#

3 #

I
I

/

2_

J

J _

j-J
.._l

'_Tsu_p [e_oads J_o d

J
I

J
i

(

J
1

J

1

I
/

o

¢

t

c_

[..-

c;
II

Kh

c;
II

v

o

_q-_
-_ 0
o

P_

_ •
OO

._
-O4-_

H

_ O
N

_ -r'l
O %

O

4-_

m O

-r-t

-O O

I])
I:lt_
m O

% m

_._o_
t_0

o o
,-t

m

_'_

o

_°°
.,-I



34

%

i

m

I

S

J
f

(

/

J
J

J

I
I
I

!i
Jfr

ri

/!

/

¢

o

o

II

o_

II

v

©

o
o

I
i

I

k.N



35

cO
cO
,-q

!

oo

o_

i

II

o

/

_08

8dD/ la._l ',(:L.Zauop 1.W;Z:LDOd8,Z_Ocl

/

f

o

o

o'

?.

..=,

_J

kO

O

II

II

co

,--q

o
cO

!

',,O
r-q

_D



56

_B,H _' In-lb

12

8

M = 0.7h

Pt' arm

o.569

C-0-< _0.

M = 1.00

Pt' arm

0.371

(TB,H , in-lb

0.6907
/

2)//

0.569

M = 0.66

- uJ - i-

M = 0.95

o.507

r-_J

-- o.371

t_
I

Co
Co

O'B,H , in-lb

12

M :0.56
0

O. 690 --

_ = 0.90

r- 0.599
./

' (<

_B,H , in-lb

Figure

12

.i)

o.7_ -_ y
/

I
_ M = 0.83M 0.35

o z2 16 20 -_ o

a, deg

oc_,4_==_ _=_"_1:_ ¢'- "_'-- 0.569

8

a, deg

12 16 20

17.- Root-mean-square values of horizontal-tail bending-moment

fluctuations. Basic wing; 5H = -6° .



57

o_B,H , _n-lb

0 Horlzontal tail; GH = 0°

[] Horizontal tail; 6 H = -6 °

0 Wing_ 6 H : 0 °

0

-8 -h o 8 12 16

• , deg

20

_ O_B,W , in-lb

I0

0
20

co

i

_,H ' In-lb

o_, H , in-lb

12

oi

12

(a) M = 0.33; Pt = 0.744 atmosphere.

3o

(b) M = 0.96; Pt = 0.690 atmosphere.

0

16 20

_o

(FB,W , in-lb

tO

x,.._............_ ¢._W.._,.,'- eFB,W , in-lb

0 0

-8 -h 0 h 8 i_ 16 2o
a, deg

(c) M = 0.74; Pt = 0.643 atmosphere.

Figure 18.- Effect of horizontal-tail incidence on root-mean-square

values of horizontal-tail bending-moment fluctuationsand com-

parison of horizontal-tall and wing bending-moment fluctuations.

Basic wing.



38

crB, H p in-lb

8

_B,H ' In-lb

4

12

8

orB,H , in-lb

4

O Basic wing

CS Weighted wing

-8

_'-""-" "-----._l--.-_ t----.4 .----4 --_ :_--'_ :"'-

-4 o 4 8 12

_, deg

(a) M = 0.53; Pt = 0.744 atmosphere.

/

16 2O

f

-8 -4 0 4 8 12 16 20

a, deg

(b) M = 0.56; Pt = 0.690 atmosphere.

_, deg

-8 -& o 8 12 16 20

(c) M = 0.74; Pt = 0.643 atmosphere.

Figure 19.- Effect of wing mass on root-mean-square values of

horizontal-tail bendlng-moment fluctuations. 5H = 0°.

t_
!

OO
O3
k_



59

Basic wing_ a = 12.2 °

Weighted wing; a = 12.1 °

o ho 8o 12o 16o ;oo _ho _8o 320 36o boo
Prequenc y, cps

Figure 20.- Effect of wlngmass on spectral density of horizontal-tail

bending-moment fluctuations. M = 0.96; Pt = 0.690 atmosphere.



40

_B,V ' [n-lb

_B,V ' in-lb

12

£-_

M = 0.74

12

M = 0.66

Pt' atm

l

_- 0.645
\

_'-- o.569

f
-- 0.690

_--o.569
./

o._o_ <_.4 -.o-* _

M = 1.00

M = 0.95

Pt' atm

0.571

_-- 0.371

•diD<-'- 0.507

I

81

_B,V
, in-lb

12

M =0.56

-- o.69o

j_Y
_S' L o7L4

/-- o. 599

//
_ f/

M = 0.90

12

_B,V ' tn-lb

4 _ f '9_-

= 0.33 ____._ /

°-i o.7_
o 8 12 16

a, deg

Figure 21.- Root-mean-square

fluctuations.

= 0.83

20 -4 o h 8 12

a, deg

16 2O

values of vertical-tail bending-moment

Basic wing; 8H = -6 °.



41

co
co

I

_B,V ' In-lb

_B,V ' in-lb

0 Basic wing

_iEhted wing

0 Wing removed

Y

16 20

(a) M = 0.33; Pt = 0.744 atmosphere.

v.
__--_>

o I i I
-8 -k o 4 8 12 z6 2o

(b) M = 0.56_ Pt = 0.690 atmosphere.

_B,V ' in-lb -- r -0_'_>

o -8 -4 0 h 8 12 16 2o

(c) M = 0.74_ Pt = 0"643 atmosphere.

Figure 22.- Effect of wing configuration on root-mean-square values of

vertical-tail bendlng-moment fluctuations. 5H = 0°.



42

<T_.V , In-lb

i -E
L

d

L

I

T
I

!

o

i

r/

8

a, deg

!
i

i
i

ip 16 ?0

(a) M = 0.33; Pt = 0"744 atmosphere.

CrB,V , In-lb

-8

(b)

i

i i

J
, I

M = 0.%;

i
I

%

f_
>/

8 12 16 20
deg

Pt = 0.690 atmosphere.

O'B,v , [n-lb

o 1_ - oo
[] 61% = -6 °

Horizontal ta_l repl_ced by hot wire probes

==_ .--_

/

o
-8 -_ 0 _ 8 12 16

deg

(c) M = 0.74; Pt = 0.643 atmosphere.

2O

Figure 23.- Effect of horizontal-tail configuration on root-mean-square

values of vertical-tail bending-moment fluctuations. Basic wings.

t_
!

Co
Co
k_





#3

4.0

3.6

Basic wing; a = i_.2 °

----Weighted wing; a : i_.i _

WZ

I

o

Z
rd

{

3.2

2.8

2&

2.0

1.6

1.2

.8 L1
_.._j_J._/ I._s _h_,_0.03 (_n-lb)2/op_

_--.___ between I_0 cps and _00 cps

o ho 80 iPo 16o 200 2ho 280 _2o 360 boo
T_'eq_e nc y, ops

Figure 24.- Effect of wing mass on power spectral density of vertical-

tail bending-moment fluctuations. M = 0.96; Pt = 0.690 atmosphere.

NASA-L_gtey,196_ L-1883






